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Abstract: The paper investigates volatility spillover from US and aggregate European
asset markets into European national asset markets. A main contribution is that bond and
equity volatilities are analyzed simultaneously. A new model belonging to the “volatility-
spillover” family is suggested: The conditional variance of e.g. the unexpected German
stock return is divided into separate eﬀects from the contemporaneous idiosyncratic vari-
ance of US bonds, US stocks, European bonds, European stocks, German bonds, and Ger-
man stocks. Signiﬁcant volatility-spillover eﬀects are found. The national bond (stock)
volatilities are mainly inﬂuenced by bond (stock) eﬀects. Global, regional, and local volatil-
ity eﬀects are all important. The introduction of the euro is associated with a structural
break.
Keywords: European Asset Markets; GARCH; International Finance; Volatility Spillover
JEL Classiﬁcations: C32; G12; G151 Introduction
This paper contains an analysis of factors aﬀecting the variances of national
European bond returns as well as the variances of national European stock
returns. We apply the so-called volatility-spillover framework. The variance
of the unexpected return of e.g. the German bond market is divided into
a part caused by idiosyncratic US (global) bond eﬀects, US stock eﬀects,
European (regional) bond eﬀects, European stock eﬀects, and pure German
(local) bond eﬀects. Equivalently, the variance of the unexpected German
stock return is divided into the same ﬁve eﬀects in addition to pure German
stock eﬀects. Bond and stock markets are investigated simultaneously, which
- we believe - is new to the volatility-spillover literature. Moreover, to the
best of our knowledge, we contribute methodologically to the literature by
generalizing the volatility-spillover model.
The empirical analysis brings some light on the integration of the Euro-
pean ﬁnancial markets. Local eﬀects should be weaker, the more integrated
the European ﬁnancial markets are. Financial integration appears to be
a major concern of the policy makers in the European Union (EU) as the
EU has launched several policy initiatives to obtain ﬁnancial integration, cf.
Hartmann, Maddaloni and Manganelli (2003). Presumably, the introduction
of the euro has worked in favor of ﬁnancial integration. The observed home
bias in Europe has decreased in the previous years, cf. e.g. Baele, Ferrando,
H¨ ordahl, Krylova and Monnet (2004). This might indicate that the Euro-
pean ﬁnancial markets have become more integrated. When the importance
of country speciﬁc eﬀects are low, the potential beneﬁts of diversiﬁcation
a r ea l s os m a l l .I ti sb e l i e v e dt h a ts t o c ka n db o n dv o l a t i l i t i e sa r el i n k e dv i a
information spillover, cf Fleming, Kirby and Ostdiek (1998) for a model and
analysis of US stock, bond, and money markets. Fleischer (2004) extends
this model to also include the equivalent Australian markets. Here we in-
vestigate the European bond and stock market volatility linkages. Finally,
we examine how important global and regional eﬀects are for the European
bond and equity volatility.
We provide a new volatility-spillover model that covers both bond and
stock markets simultaneously. Our model is derived from Bekaert and Harvey
1(1997), Ng (2000), Bekaert, Harvey and Ng (forthcoming), and Baele (forth-
coming). Ng (2000) and Bekaert et al. (forthcoming) divide the conditional
variance of the unexpected stock return for country i into three eﬀects; global
eﬀects, regional eﬀects, and own market eﬀects. The literature applies multi-
step estimation procedures, e.g. Ng (2000) applies two (and a half) steps:
The ﬁrst step speciﬁes an ordinary bivariate GARCH model for the US and
Japanese stock returns. As an intermediate step, the residuals from the ﬁrst
step are orthogonalized. In the last step, the US and Japanese orthogonal-
ized residuals are applied as additional explanatory variables in univariate
models for the national stock returns. The orthogonalized residuals provide
the volatility spillover in that they make the variance of the unexpected re-
turn of the individual stock market a linear function of contemporaneous US
idiosyncratic variance, Japanese idiosyncratic variance, and own market idio-
syncratic variance. We also apply a multiple-step estimation procedure: In
the ﬁrst step, a multivariate (dynamic conditional correlation) DCC-GARCH
model for the US bond return, the US stock return, the European bond re-
turn, and the European stock return is estimated. In the second step, the
residuals are orthogonalized. In the third step, the orthogonalized residu-
als are applied as additional explanatory variables in a univariate model for
country i’s bond return, hereby providing volatility-spillover from the US
bond, US stock, European bond, and European stock markets into the indi-
vidual bond markets. In the fourth step, the orthogonalized residuals from
the second step as well as the own bond residual from the third step are ap-
plied as explanatory variables in univariate models for the return on country
i’s stock market. Thus, there is also volatility spillover from own bonds. The
volatility-spillover eﬀects are allowed to change (independently of each other)
after the launch of the euro in the beginning of 1999. The model allows us
to divide the conditional variance of the unexpected return of bonds (stocks)
into separate proportions caused by the ﬁve (six) diﬀerent eﬀects mentioned
above. To the best of our knowledge, we add to the literature model-wise; our
model allows volatility spillover from four global/regional markets instead of
j u s tt w oa si np r e v i o u sm o d e l sa n dw ea l s oa l l o wt h eo w nb o n dm a r k e tt o
inﬂuence own stock market.
We investigate nine European Union member countries’ bond and stock
2markets. We apply weekly data that cover the period from 1988 to 2003.
We ﬁnd that the conditional bond-stock correlations have gone from positive
to negative in the last part of the sample. Before the euro, there is signiﬁ-
cant volatility-spillover to the individual bond markets from US bonds, US
stocks, and European bonds and after the euro only from the US bonds and
European bonds. Before the euro, the main part of the conditional variances
of the unexpected return on the bond markets are caused by aggregate Euro-
pean bond eﬀects and own bond market eﬀects. US bond market eﬀects and
US stock market eﬀects are also fairly large. After the euro, the European
bond market eﬀects are strongest followed by US bond market eﬀects. Own
bond market eﬀects have decreased dramatically. Before the euro, there is
signiﬁcant volatility spillover to the stock markets from US bonds, US stocks,
European bonds, and own bonds and after the euro only from US stocks and
European stocks. Before the euro, the own stock market eﬀects and US
stock market eﬀects are the most important for the conditional variance of
the unexpected return of the stock market. The European stock eﬀects and
t h eU Sb o n de ﬀ e c t sa r es m a l l .A f t e rt h ee u r o ,o w ns t o c km a r k e te ﬀ e c t s ,U S
stock market eﬀects, and European stock market eﬀects are all strong. The
results are to some extend inﬂuenced by the ordering of the variables in the
orthogonalization. Our results indicate that bond (stock) market volatility
is mainly inﬂuenced by bond (stock) market eﬀects. This might suggest to
analyze bond (stock) market variability separately from stock (bond) market
variability. After the introduction of the euro, the local bond market eﬀects
have become smaller, whereas the local stock market eﬀects are still sizeable.
There appears to be room for further integration in the European ﬁnancial
markets, especially for the equity markets. Both global and regional eﬀects
are important for European bond and stock variances.
The previous analysis of volatility linkages between ﬁnancial markets have
mainly concentrated on international stock markets and to a lesser extend on
foreign exchange markets, whereas bond markets have almost been crowded
out. The volatility-spillover literature was introduced by Engle, Ito and Lin
(1990). They ﬁnd signiﬁcant volatility-spillover eﬀects at play at the for-
eign exchange market. Lin, Engle and Ito (1994) ﬁnd signiﬁcant volatility-
spillover eﬀects between the US and Japanese equity markets. Bekaert and
3Harvey (1997), Ng (2000), and Baele (forthcoming) ﬁnd signiﬁcant volatility-
spillover eﬀects into national stock markets. Bekaert and Harvey (1997) in-
vestigate how global volatility-spillover eﬀects inﬂuence emerging stock mar-
ket volatility. Ng (2000) breaks the variance of various paciﬁc basin stock
markets into global eﬀects (US), regional eﬀects (Japanese), and local eﬀects.
Baele (forthcoming) investigates how US and aggregate European volatility
spills over into various European stock markets. Christiansen (2003) ﬁnds
signiﬁcant volatility spillover from US and European bond markets into na-
tional European bond markets.
There is not a large body of literature that deals with the interdepen-
dencies between stock and bond markets. Campbell and Ammer (1993) ﬁnd
that the correlation between US bonds and stocks is low because changes in
expected future inﬂation aﬀect bonds and stocks with opposite signs. This
oﬀsets the strong positive correlation stemming from the real interest rate
and expected excess returns. Yet, the volatility linkages between the US
stock and bond markets are strong, cf. Fleming et al. (1998).1 Fleischer
(2004) also ﬁnds strong volatility linkages between US and Australian bond
and stock markets. Fama and French (1993) ﬁnd that the links between
US stock and bond markets are mainly caused by term-structure factors.
Connolly, Stivers and Sun (forthcoming; 2004) use implied volatility indices
(that measure stock market uncertainty) to explain the time variation in
the correlation between stocks and bonds in the US and in various Euro-
pean countries. They ﬁnd a negative relation between current implied equity
volatility and the future correlation between US stocks and bonds. Cappiello,
Engle and Sheppard (2003) apply the dynamic conditional correlation model
of Engle (2002) to investigate international bond and equity markets. For
Europe, the conditional correlations have increased after the introduction of
the euro, and the introduction of the euro appears to indicate a structural
break. Hartmann et al. (2003) ﬁnd that the European ﬁnancial markets have
become more integrated after the introduction of the euro, but they are still
not fully integrated. Ilmanen (2003) investigates the correlation between US
stocks and bonds (using rolling window correlation coeﬃcients) and ﬁnds
1In contrast, Antell (2004) using a similar framework as Fleming et al. (1998) ﬁnds
weak volatility linkages between Finnish stock and bond markets.
4that it has turned from positive to negative since 1998. The correlation be-
tween stocks and bonds tends to be positive in the long run because they
share discount rate uncertainty. In periods of “ﬂight-to-quality” bonds and
stocks are negatively correlated. Ilmanen (2003) conjectures that the change
in sign of the correlation is caused by change in the direction of causality;
the causality from bonds to stocks is positive and it is negative the opposite
way.
The remaining part of the paper is structured as follows. In the next
section the volatility-spillover model is described. Subsequently, the data
are presented in Section 3 whereafter the empirical ﬁndings are discussed in
Section 4. Finally, section 5 concludes.
2 The Volatility-Spillover Model
In this section we describe a new volatility-spillover model. It is fairly simple
in that each of the volatility-spillover parameters is assumed to take on a
constant value before the launch of the euro and another constant value after
the euro. Notwithstanding this, the model oﬀers a substantial generalization
of the existing volatility-spillover models.
F o re a c hc o u n t r y( i =1 ,2,...,9) there are six return series of interest.
• R1t:U Sb o n dr e t u r n
• R2t: US stock return
• R3t: European bond return
• R4t: European stock return
• Ri5t:C o u n t r yi’s bond return
• Ri6t:C o u n t r yi’s stock return
Below we omit i from the subscript when convenient. The ﬁrst four return
series are seen to be identical for the analysis of all countries. The model
is estimated stepwise and we organize the presentation around these steps.
The ﬁrst two steps are identical for all countries and concern the returns of
5the US and European bond and stock markets, R1t,...,R 4t. In contrast,
the last two steps are estimated separately for each country. The third step
concerns the return on country i’s bond market, Ri5t, and the fourth step
concerns the return on country i’s stock market, Ri6t.
Our model extends the volatility-spillover models applied in the previous
literature. In particular, it builds on the stock market volatility-spillover
model of Ng (2000): That model makes use of the stock market series R2t, R4t,
and Ri6t. The ﬁrst step of the estimation is similar to our ﬁrst step, except
that it is conducted with just two series R2t and R4t and therefore a bivariate
model is estimated. The residuals are then orthogonalized. The last step is
similar to our fourth step, except that it applies only two orthogonalized
residuals as additional explanatory variables to explain the individual stock
returns (Ri6t).
2.1 Step 1: US and European Returns
First, we specify a multivariate model for the return of the US and European
bond and stock indices, i.e. for Rt = {Rjt} where j =1 ,...,4. To account
for possible serial correlation, the conditional mean evolves according to a
VAR(1) process.
Rt =Φ 0 +Φ 1Rt−1 +  t (1)
Φ0 and Φ1 are a 4 × 1 vector and a 4 × 4 matrix of constants, respectively.
The residuals,  t, have mean zero and conditional covariance matrix Ht.
 t follows a multivariate GARCH model, possibly including asymmetry.
To account for the recent changes in the sign of the correlation between stock
and bond returns, we apply a model with time-varying conditional correla-
tion cf. the discussion of Ilmanen (2003) in the introduction. In particular,
we apply the dynamic conditional correlation (DCC) model of Engle (2002)
and Tse and Tsui (2002) as speciﬁed in the latter reference. The DCC model
extends the constant conditional correlation (CCCOR) model of Bollerslev
(1990) as well as the asymmetric CCCOR of Kroner and Ng (1998) while
preserving their simplicity.2 The diﬀerences between the two DCC speciﬁ-
cations are laid out in Bauwens, Laurent and Rombouts (2003). The main
2As an example, there are 42 parameters in the symmetric 4-dimensional BEKK model
6advantage of the Tse and Tsui (2002) version of DCC is that they - unlike
Engle (2002) - explicitly model the time series evolution of the conditional
correlation matrix. The main force of the Engle (2002) version of the DCC is
that the conditional variance equations and conditional correlation equations
can be estimated in two separate steps.
The conditional covariance matrix is given as:
Ht = DtΓtDt (2)
where Dt is a diagonal matrix with the square roots of the conditional vari-



















Γt is the time-varying conditional correlation matrix. The conditional corre-
lation matrix evolves according to an autoregressive process resembling the
GARCH(1,1) process:
Γt =( 1− θ1 − θ2)Γ + θ1Γt−1 + θ2Ψt−1 (4)
where Γ is a positive deﬁnite 4 × 4 matrix of constants with unit diagonal
elements. Ψt−1 is the sample correlation matrix of the standardized residuals
l a g g e d1 ,2 ,3 ,a n d4p e r i o d s .T h ev a l u e so fθ1 and θ2 are restricted equiva-
lently to the parameters in the GARCH(1,1) model: θ1,θ 2 ≥ 0a n dθ1+θ2 ≤ 1.
In the CCCOR model the correlation matrix is constant: Γt =Γ∀t (i.e.
θ1 = θ2 = 0). Thus, the CCCOR model is a testable restriction in the DCC
model.
The conditional variances evolve according to the asymmetric GJR-GARCH(1,1)
speciﬁcation, cf. Glosten, Jagannathan and Runkle (1993);
hjt = ωj + αj 
2




j,t−1Ij,t−1 for j =1 ,...,4( 5 )
compared to 18 in the corresponding CCCOR model and 20 in the corresponding DCC
model.
7where Ij,t−1 =1w h e n j,t−1 < 0, and ωj > 0, αj,β j,α j + 1
2α∗
j ≥ 0, and
αj +βj + 1
2α∗
j ≤ 1. If α∗
i is positive it means that negative shocks have more
eﬀect than positive shocks, which is the prevailing hypothesis (for equity
markets).
We use the (modiﬁed) residuals as input in later steps.
2.2 Step 2: Orthogonalization
In an intermediate step, we orthogonalize the residuals from the previous
step using a Cholesky decomposition. The orthogonalized residuals are de-
noted the idiosyncratic shocks, et. The orthogonalization is conducted in
the following order; US bonds, US stocks, European bonds, and European
stocks.3 “Geographically”, this is equivalent to Ng (2000) who puts US
(global) stock eﬀects ﬁrst followed by Japanese (regional) stock eﬀects. Sub-
sequently, we let bonds inﬂuence stocks. However, this is not as self evi-
dent as “global→regional→local”. On the one hand, e.g. the present value
model would suggest that the inﬂuence goes from bond markets to stock
markets. On the other hand, in periods of “ﬂight-to-quality” the inﬂuence
goes the opposite direction. This might indicate that the ordinary situation
is “bond→stock” which we therefore concentrate on.
At the two extremes the order of orthogonalization implies that the US
bond residuals only depend on own idiosyncratic shocks, and the European
stock residuals depend on all four idiosyncratic shocks. The relation between
the residuals (LHS) and the idiosyncratic shocks (RHS) is shown below:
 1t = e1t
 2t = k1,t−1e1t + e2t
 3t = k2,t−1e1t + k3,t−1e2t + e3t
 4t = k4,t−1e1t + k5,t−1e2t + k6,t−1e3t + e4t (6)
3We cary out robustness checks for the order of orthogonalization.














et = Kt−1et (7)
The conditional covariance matrix of the idiosyncratic shocks is denoted Σt.




















By recursively writing out equations, it is possible to express the elements








































92.3 Step 3: Country i’s Bond Returns
We estimate a univariate model for the return on country i’s bond market,
Ri5t (R5t) The conditional mean is given as
R5t = c0 + c1R1,t−1 + c2R2,t−1 + c3R3,t−1 + c4R4,t−1 + c5R5,t−1
+ γ1te1t + γ2te2t + γ3te3t + γ4te4t + e5t (12)
The conditional variance of the residual, Vart−1(e5t)=σ2
5t, is assumed to
evolve according to the (GJR-)GARCH(1,1) model, cf. (5) above.4
To account for possible serial correlation, the one-period lagged own re-
turn is included in the mean. Moreover, the return on country i’s bond
market depends on last period’s return on the US and European stock and
bond markets, R1,t−1,...,R 4,t−1. This is denoted mean-spillover eﬀects in
the literature.
The return on the individual bond market also depends on the contem-
poraneous idiosyncratic shocks to the US and European bond and stock
markets, e1t,...,e 4t. As we shall see shortly, these terms represent volatility-
spillover eﬀects.
The volatility-spillover parameters, γ1t,...γ 4t, are time-varying; they take
on diﬀerent, yet constant, values before and after the launch of the euro on
January 1, 1999:
γit = γ0i + γ1idt i =1 ,2,3,4 (13)
where dt is an indicator function that equals zero before the euro and unity
after. Thus, the mean equation now reads:
R5t = c0 + c1R1,t−1 + c2R2,t−1 + c3R3,t−1 + c4R4,t−1 + c5R5,t−1
+( γ01 + γ11dt)e1t +( γ02 + γ12dt)e2t
+( γ03 + γ13dt)e3t +( γ04 + γ14dt)e4t + e5t (14)
The sign of γ1i determines whether the i’th volatility-spillover eﬀect has be-
come weaker or stronger after the introduction of the euro. Some volatility-
spillover eﬀects may have become weaker while others may have become
stronger.
4As is often the case for bond returns, the asymmetry turns out to be insigniﬁcant.
10Firstly, it is desirable that the volatility-spillover parameters change size
at stochastic points in time. Secondly, it is preferable that the direction of
the change may be diﬀerent across the parameters. The present speciﬁcation
in (14) fulﬁlls only the second requirement. The ﬁrst requirement could be
met by using a regime switching model where the regimes are determined by
the size of the volatility-spillover parameters (γsit=0 ≤ γsit=1). For the second
demand to be met the volatility-spillover eﬀects should not necessarily be in
the same regime at the same time, thereby yielding 24 = 16 diﬀerent states
which makes estimation infeasible. Here, we have given priority to the latter
feature.
2.4 Step 4: Country i’s Stock Returns
The return on country i’s stock index, R6t, is described by a model equiva-
lent to the one for country i’s bond market with two additional explanatory
variables: Own country bond market lagged return (R6,t−1) and own country
contemporaneous idiosyncratic shock (e5t).
R6t = d0 + d1R1,t−1 + d2R2,t−1 + d3R3,t−1 + d4R4,t−1 + d5R5,t−1 + d6R6,t−1
+ δ1te1t + δ2te2t + δ3te3t + δ4te4t + δ5te5t + e6t (15)
The conditional variance of the residual, Vart−1(e6t)=σ2
6t, is assumed to
evolve according to the (GJR-)GARCH(1,1) process speciﬁed above in (5).5
The return on country i’s stock market depends on own lagged return,
a n dl a s tp e r i o d ’ sr e t u r no nt h eU Sa n dE u r o p e a nb o n da n ds t o c km a r k e t s
as well as on own bond market lagged return. The terms on the top right
hand side of (17) represent the mean-spillover eﬀects from the other bond and
stock markets into the stock market of the country in question. The terms on
the bottom right hand side of (17) represent the equivalent variance-spillover
eﬀects. Here the explanatory variables are the contemporaneous idiosyncratic
shocks form the other markets, e1t,...,e 5t.
Again, the volatility-spillover parameters are time varying according to
equation (13):
δit = δ0i + δ1idt i =1 ,2,3,4 (16)
5Even for the stock returns, the asymmetry is insigniﬁcant.
11so that they take on diﬀerent values before and after the euro:
R6t = d0 + d1R1,t−1 + d2R2,t−1 + d3R3,t−1 + d4R4,t−1 + d5R5,t−1 + d6R6,t−1
+( δ01 + δ11dt)e1t +( δ02 + δ12dt)e2t +( δ03 + δ13dt)e3t
+( δ04 + δ14dt)e4t +( δ05 + δ15dt)e5t + e6t (17)
2.5 Volatility-spillover eﬀects
The unexpected return on country i’s bond market is given as follows:
 5t = γ1te1t + γ2te2t + γ3te3t + γ4te4t + e5t (18)
The ﬁrst four terms are independent by construction, and the last term
contains any remaining eﬀects when we have taken account of the shocks from
the US and European bond and stock markets, and is thus also independent
here from. Therefore, the conditional variance of the unexpected return is


















Thus, the variance of the unexpected return of the individual national bond
market depends on the idiosyncratic variances on US and European bond
and stock markets as well as own idiosyncratic variance. Thus, the term
volatility-spillover eﬀects.
Equivalently, for country i’s stock index the unexpected return is
 6t = δ1te1t + δ2te2t + δ3te3t + δ4te4t + δ5te5t + e6t (20)
By the same arguments, the conditional variance of the unexpected return
depends on the idiosyncratic variances of US and European bond and stock





















5t + σ6t (21)
6Equivalent expressions exist for the various conditional covariances (not shown).
122.6 Variance Ratios
It is possible to calculate “variance ratios” using the estimated parameters.
Using (19) we calculate the proportion of the variance of the unexpected
return of country i’s bond return that is caused by the ﬁve diﬀerent factors:
US bond market eﬀects, US stock market eﬀects, European bond market


























For country i’s stock market the origin of the ﬁrst four eﬀects is unal-
tered, then there are own bond market eﬀects, and own stock market eﬀects.











































We obtain bond and stock indices for the US, Europe, and the following nine
European Union countries: Belgium, Denmark, France, Germany, Italy, the
Netherlands, Spain, Sweden, and the United Kingdom. Total return indices
imply that the received coupons (dividends) are reinvested into the bonds
(stocks) of the index. Log-returns are calculated as the logarithmic growth
rate of the indices.
As to bonds, we apply the J. P. Morgen government bond indices obtained
from DataStream. The aggregate European index is a value weighted average
of the indices of the nine individual indices. As to stocks, we apply the
DataStream equity indices. The aggregate European index covers all 15 EU
countries.
The returns are counted in local currency. There are a number of reasons
for using local currency returns (in contrast to common currency returns).
Local currency returns are equivalent to currency hedged returns, and it is
both easy and inexpensive to hedge currency risk. Local currency returns
are relevant for analyzing economic fundamentals. Miyakoshi (2003) in his
study of volatility spillover on equity markets argues for local currency re-
turns, because e.g. De Santis and G´ erard (1998) ﬁnd that currency risk is
highly important for stock returns. Ilmanen (1995) argues that one should
count bond returns in local currency to separate bond market predictabil-
ity from foreign exchange market predictability, because exchange rates are
more volatile than bond returns.
The weekly data (recorded on Wednesdays) cover the period from January
6, 1988 to December 3, 2003. Thus, there are 831 observations in our sample
period.
We use data of a fairly low (weekly) frequency, although they are available
at a higher (daily) frequency, in order to remedy the potential problem of
using non-synchronous data, cf. Burns and Engle (1998). Moreover, Martens
and Poon (2001) ﬁnd that close-to-close (non-synchronous) returns on inter-
national stock markets tend to underestimate the true correlations. This is
taken as evidence that using non-synchronous returns will tend to accept the
null hypothesis of no cross market relation too often, thus being a conserva-
14tive strategy for analysis.
Table 1 contains various descriptive statistics for the bond and stock in-
dices. Except for Italy, the average bond return is smaller than the average
stock return, e.g. for aggregate Europe the average returns are 0.16% and
0.20% for bonds and stocks, respectively. Equivalently, the standard devi-
ation is much larger for stock returns than for bond returns; for aggregate
Europe compare 0.50% to 2.25%. As is usual for ﬁnancial returns, the series
are (with two exceptions) skewed to the left and show excess kurtosis. The
return series show only weak signs of autocorrelation. The squared return
series are signiﬁcantly autocorrelated, i.e. providing signs of heteroskedastic-
ity.
The bond and stock markets of a given country are positively correlated
(except for the Netherlands); the average correlation coeﬃcient amounts to
0.14. The average correlation between the countries’ bond markets is 0.65 and
slightly lower for the stock markets, 0.64. The average correlation between
the aggregate European bonds (stocks) and the countries’ bonds (stocks)
is 0.82 (0.80). The average correlation between the US bonds (stocks) and
the individual bonds (stocks) is 0.45 (0.59). The correlations between the
aggregate European bonds (stocks) and the individual stocks (bonds) are
positive apart from the Netherlands (positive), averaging 0.08 (0.06). The
correlations between the US bonds (stocks) and the individual stocks (bonds)
are negative (positive), averaging -0.08 (0.05).
Overall, the simple correlation coeﬃcients indicate that the aggregate
European ﬁnancial markets exert more inﬂuence on the individual European
markets than do the US markets. Not surprisingly, the simple correlation
coeﬃcients indicate that the inﬂuence going from bonds to stocks and vice
versa is smaller than the inﬂuence going from bonds to bonds and from stocks
to stocks.
Granger causality tests with 4 lags are applied. The individual bond
markets either Granger cause the stock markets (Belgium, the Netherlands,
Spain, Sweden, and the UK), or neither one Granger causes the other (Den-
mark, France, Germany, and Italy). The European bond market Granger
causes the European stock market. The US bond and the US stock mar-
kets do not Granger cause each other. Thus, Granger causality tests support
15letting the inﬂuence go from the bond markets to the stock markets. Still,
as a robustness check we also investigate the results arising from letting the
inﬂuence go from stock markets to bond markets.
The US bond market neither Granger causes nor is Granger caused by
the European bond or stock market. The US stock market is Granger caused
by both the European bond and the European stock markets. Thus, it is not
clear from Granger causality tests that the model should allow only the US
markets to inﬂuence the European markets and not vice verse. Therefore,
we also investigate a model setup where aggregate Europe exerts inﬂuence
on the US instead of the other way round.
As we analyze the log-returns (i.e. the ﬁrst diﬀerences of the log-prices) in
a multivariate framework it matters whether the log-prices cointegrate. Ap-
plying the Johansen procedure to the log-prices of the US bonds, US stocks,
European bonds, and European stocks (the four series included in the ﬁrst
step of the estimation) we ﬁnd that there is one cointegrating relation. For
one country at a time, we investigate the cointegration between the four
above-mentioned series as well as that country’s stock and bond log-prices.
For all countries, the six series cointegrate and furthermore there is evidence
that we can leave out the country speciﬁc series from the cointegrating rela-
tion. Thus, in the empirical analysis we include the following cointegrating
relation (lagged one period) as an additional explanatory variable in the mean
equations, i.e. in equations (1), (12), (14), (15), and (17):7
zt =l n ( P1t) − 2.487ln(P2t) − ln(P3t)+2 .941ln(P4t)+constant (24)
The error correction term is included in the mean equations to account for
the attraction between the log-price levels. The empirical results yet to be
presented do not hinge on zt−1 being included as explanatory variable.
7For the cointegrating relation we cannot reject that the hypothesis of unit coeﬃcients
(of opposite signs) for the two bond series. The coeﬃcients for the stocks are signiﬁcantly
diﬀerent in absolute size.
164 Empirical Analysis
We open the empirical section by presenting the results from estimating the
volatility-spillover model. Thereafter (in Section 4.2) we discuss the empirical
variance ratios. Sensitivity analysis is provided in Section 4.3.
4.1 Model Estimates
The volatility-spillover model described in Section 2 is estimated using the
Quasi Maximum Likelihood method with Gaussian likelihood functions. The
estimation is conducted using a combination of the Berndt, Hall, Hall and
Hausman (1974) and the Newton-Raphson numerical optimization algorithm.
The estimation is conducted in GAUSS using the Constrained Maximum
Likelihood module.
Table 2 reports the results from estimating the volatility-spillover model.8
For brevity, only the parameter estimates are provided together with an
indication of their signiﬁcance based on the Bollerslev and Wooldridge (1992)
robust standard errors.
Panel A of Table 2 shows the parameter estimates of the multivariate
GARCH model for the US bond return, the US stock return, the European
bond return, and the European stock return laid out in equations (1)-(5).
Thus, Panel A concern the ﬁrst step of the model.
Although we ﬁnd only weak signs of autocorrelation in the summary
statistics, cf. Table 1, we cannot assume constant means; the robust Wald
test of the null hypothesis that Φ1 = 0 is strongly rejected (i.e. the VAR(1)
parameter matrix is not zero). Also, the cross eﬀects are signiﬁcant. We
reject the null hypothesis of an AR(1) model instead of the VAR(1) model
(i.e. Φ1 is not diagonal).
Asymmetry eﬀects are present in the variance of the stock returns; neg-
ative shocks have more eﬀect than positive shocks. For bonds, the variance
processes are symmetrical and therefore in the reported results, α∗
1 and α∗
3 are
set equal to zero. The conditional variance processes are rather persistent,
meaning that shocks to them die out slowly. The observed volatility features
8The log-returns are not transformed into percentage returns.
17are typical for the GARCH literature.
The conditional correlations are time-varying according to equation (4).
The point estimates of the weighting parameters for the conditional corre-
lation matrix (θ1 and θ2) equal 0.975 and 0.022, respectively. They are of
about the same size as in the four applications in Tse and Tsui (2002). The
large value of θ1 (close to unity) implies that the correlation process is highly
persistent. The hypothesis that θ1 = θ2 = 0 is strongly rejected, in other
words the conditional volatilities are not constant as speciﬁed by the CC-
COR model. The constant part of the correlation matrix, Γ, includes only
positive correlations, but only half of them are signiﬁcant; (US stocks; US
bonds), (US bonds; European bonds), and (US stocks; European stocks).
Figure 1 shows the time-series evolution of the conditional correlations.
For the entire sample period the conditional correlation between the US
bond return and European bond return is positive and the same applies
for the stock-stock correlation. In the beginning and end of the sample
the bond-bond and stock-stock correlations are fairly high (around 0.70),
whereas they are somewhat smaller in the middle period (around 0.45 and
0.55, respectively). They reach a local minimum around 1993 where the
bond-bond correlation drops to a lower level than the stock-stock correlation,
minimum values are 0.17 and 0.42, respectively. The four time series of bond-
stock correlations all start out being positive and then begin to decrease
around 1997. Beginning in 1999, the stock-bond correlations turn negative.
Thus, the conditional correlations from the DCC model provide results that
are consistent with the moving window correlations in Ilmanen (2003)
Table 3 shows average conditional volatilities. The top part concerns the
US and European markets. The ﬁrst two columns concern the conditional
standard deviations of the idiosyncratic shocks (i.e. the orthogonalized resid-
uals), denoted σ2
jt. The last two columns concern the conditional variance
of the “raw” residuals, denoted hjt. The conditional volatilities are much
larger for the stocks than for the bonds. The conditional variances of the
orthogonalized residuals are diﬀerent from the conditional variances of the
raw residuals, except for j = 1. Thus, the ordering of the residuals dur-
ing the orthogonalization might inﬂuence subsequent results that make use
of the conditional variances of the orthogonalized residuals. Unfortunately,
18principal components analysis does not provide us with a natural ordering of
the residuals.9
Panel B of Table 2 shows the parameter estimates arising from estimating
the model for the individual countries’ bond returns given in equation (14).
Panel B is thereby concerned with the third step of the model.
The variance processes are not signiﬁcantly asymmetric, so this feature
is excluded from the model speciﬁcation. The GARCH processes are highly
persistent.
The expected bond returns are inﬂuenced by lagged returns - both own
lagged returns and lagged returns for the US and European bond and stock
markets. The dependence of the bond return today on lagged US and Euro-
pean returns is denoted mean-spillover eﬀects in the literature. Not all the
mean-spillover parameters (ci1,...,c i4) are signiﬁcant for all countries, but
all parameters are signiﬁcant for some countries. There does not seem to be
a pattern for the structure of the mean-spillover eﬀects, i.e. which countries
receive mean-spillover eﬀects from which markets.
In equation (14) the lagged cointegrating relation, zt−1 given by equation
(24), is added as explanatory variable to take account of the attraction of
the log-price levels. The coeﬃcients are negative, signiﬁcant, and numerically
small.
There are signiﬁcant volatility-spillover eﬀects at play at the bond mar-
kets. For the period before the euro, there are positive and strongly signif-
icant volatility-spillover eﬀects to the individual bond markets from the US
bond market, the US stock market, and the European bond market. This ap-
plies to all the countries under investigation. The volatility spillover parame-
ters for the European stock market (γ04) are negative or insigniﬁcant, thereby
indicating that there is no volatility-spillover from the aggregate European
stock market into the individual bond markets. The volatility-spillover pa-
rameters for the European bond market are the largest, ¯ ˆ γ03 ≈ 0.77. The
volatility-spillover parameters for the US bond market are also fairly large,
¯ ˆ γ01 ≈ 0.41, whereas the volatility-spillover parameters for the US stock mar-
9The ﬁrst PC is close to being an equally weighted average of the four residuals, the
second PC loads negatively on bond residuals and positively on stock residuals, and the
third PC loads positively on the US residuals and negatively on European residuals.
19ket are much lower, ¯ ˆ γ02 ≈ 0.12.
The nature of the volatility spillover has changed by the introduction of
the euro: γ11 = γ12 = γ13 = γ14 = 0 is strongly rejected. After the euro, there
are signiﬁcant volatility-spillover eﬀects to the individual bond markets from
the US bond market, and the European bond market; the hypotheses that
γ01 + γ11 =0a n dγ03 + γ13 = 0 are rejected for all countries. The volatility-
spillover eﬀect from the US stock market has ceased to be important (γ02+γ12
is small and negative) and the volatility-spillover eﬀect from the European
stock market is still insigniﬁcant. The inﬂuence from the US bond market
and the European bond market are strengthened by the introduction of the
euro.
Panel C of Table 2 provides the parameter estimates of the model for the
individual stock returns in equation (11). Panel C deals with the fourth step
of the model.
Many of the patterns from the bond markets are recovered. There are sig-
niﬁcant mean-spillover eﬀects into the individual stock markets. The mean
spillover parameters (di1,...,d i5) are not all signiﬁcant for all countries. The
returns depend signiﬁcantly and negatively on the lagged cointegrating equa-
tion. The variance processes are highly persistent and show no signs of asym-
metry which is somewhat unusual for stock returns.
For the period before the euro, there are signiﬁcant volatility-spillover
eﬀects into the individual stock markets from the US bond market, the US
stock market, the European bond market, and from own bond market. The
volatility spillover coeﬃcients are largest for the European bond market (δ03),
and smallest for the own bond market (δ05).
The volatility-spillover eﬀects are signiﬁcantly inﬂuenced by the intro-
duction of the euro; we strongly reject that δ11 = δ12 = δ13 = δ14 = δ15 =0
by robust Wald tests. After the euro, there is signiﬁcant volatility-spillover
from the US stock market and the European stock market into the individ-
ual stock markets. The pre-euro volatility-spillover coeﬃcients are negative
for the US bond market, the European bond market, and own bond market;
(ˆ δ0i+ˆ δ1i < 0) for i =1 ,3,5. The volatility-spillover eﬀects from the US stock
market are diminished, whereas the eﬀects from the European stock market
are increased.
20The bottom part of Table 3 shows the average conditional standard devi-
ation for country i’ sr e s i d u a l si ne q u a t i o n( 1 4 )a n d( 1 6 ) ,d e n o t e dσ2
i5t and σ2
i6t,
respectively as well as the average conditional volatility for country i’s unex-
pected returns in equations (17) and (19), denoted hi5t and hi6t, respectively.
The conditional volatilities of the unexpected returns are much larger than
the conditional volatilities of the residuals. This is not at all surprising as
the volatility of the residuals is one of several components of the volatilities
of the unexpected returns, cf. equations (18) and (20).
The volatility-spillover model appears to provide an adequate description
of the data. The properties of the standardized residuals are investigated
(separately for each estimation step) and we hardly ﬁnd any signs of remain-
ing autocorrelation or heteroskedasticity.10
4.2 Empirical Variance Ratios
From the signiﬁcance of the volatility-spillover coeﬃcients we conclude above
that until 1999 there are signiﬁcant volatility-spillover eﬀects from the US
bond, US stock, and European bond markets into the individual bond mar-
kets and after 1999 only from the US bond and European bond markets.
Similarly, before 1999 there are signiﬁcant volatility-spillover eﬀects from
the US bond, US stock, European bond, and own bond markets into the
national stock markets and after 1999 only from the US stock and European
stock markets. However, so far we have not discussed the order of magnitude
of the spillover eﬀects. The variance ratios described in Section 2.6 enable
us to measure the importance of the various markets in this respect. Table
4 shows the average variance ratios, at the top for the bond markets, and at
the bottom for stock markets. The averages have been calculated for the two
sub periods divided by the introduction of the euro.11
10For the standardized residuals from the ﬁrst step of the model we investigate the
autocorrelation of the residuals, the squared residuals, and the cross-multiplied residuals.
For the third and fourth step, we investigate the autocorrelation of the residuals and the
squared residuals. In total, we only ﬁnd signiﬁcant autocorrelation in one instance.
11A separate appendix (available upon request) provides various ﬁgures of the variance
ratios. In particular, for each country’s bond market a ﬁgure shows the evolution of the
ﬁve time series of the variance ratios. Similarly, for each country’s stock market a ﬁgure
21First we analyze the individual bond markets in the period before the
euro. The volatility-spillover eﬀects from the aggregate European bond mar-
ket and the own bond market are the largest eﬀects; on average the variance
of the European idiosyncratic shock accounts for between 27% (Spain) and
44% (the Netherlands) of the variance of the unexpected returns for the indi-
vidual bond markets; the average of the averages across the countries is 36%.
The average own bond market eﬀects provide around 37% of the variance of
the unexpected return for various the bond markets. The proportion of the
bond variances caused by US bond eﬀects are also fairly large, and amounts
on average to 15%. The US stock market eﬀects are somewhat smaller,
around 12% on average. The European stock market eﬀects are negligible.
After the euro only the bond markets play a role: The European bond
markets on average account for around 44% of the variance of the unexpected
return for the national bond markets. The US bond market eﬀect is slightly
lower, around 41%. The own bond market eﬀect has decreased dramatically
to around 15% (from around 37%).
For the stock markets the magnitudes of the volatility-spillover eﬀects are
quite diﬀerent from the bond markets. Before the euro, the own stock market
eﬀects are largest (around 57% on average) followed by the US stock market
eﬀects (on average 31%). The European and US bond markets also account
for a small fraction of the variance of the unexpected stock returns, 8% and
3% on average). Both the European stock eﬀects and the own-country bond
eﬀects are negligible. After the introduction of the euro, only the stock
market eﬀects are relevant; the own stock market eﬀects is the dominant
factor (48% on average), the US stock market eﬀects are also strong (31%),
and the European stock market eﬀects are much stronger than before the
euro (13% on average).
Overall, the sizes of the variance ratios tell us that after the introduction
of the euro the countries’ bond markets work almost autonomously from the
world and regional stock markets with respect to variance. Similarly, after
the euro the countries’ stock markets are hardly inﬂuenced by the world and
regional bond markets with respect to variance. For the period before the
euro, the results are less clearcut. For the bond markets, the own market
shows the evolution of the six time series of the variance ratios.
22eﬀects have decreased dramatically after the launch of the euro, while the
decrease has been weaker for the stock markets.
4.3 Sensitivity Analysis
The ordering of the residuals in the orthogonalization most likely inﬂuence
the empirical results. Therefore, we investigate alternatives to the “original”
ordering of the residuals where the inﬂuence ﬂows from the US markets to
European markets and from bond markets to stock markets.
As a start, the inﬂuence goes from the European markets to the US
markets, i.e. from the regional markets to the global markets, although it
appears counterintuitive. We re-estimate the volatility-spillover model from
Section 2 with the following modiﬁcation: R1t, R2t, R3t,a n dR4t now refer to
the European bond return, the European stock return, the US bond return,
and the US stock return, respectively. Invariably, Ri5t and Ri6t are country
i bond return and country i stock return. To save space the parameter
estimates are not stated. Table 5 shows the average variance ratios based
hereon.
Concerning the variance of the unexpected bond returns in the period
before the euro, the main diﬀerences to the ﬁrst speciﬁcation is that the
European bond eﬀects are remarkedly stronger now, on average 61%. In
contrast, the US eﬀects are much smaller, in fact they are negligible. The
size of the own bond eﬀects are almost unaltered. For the period after the
euro, the aggregate European bond eﬀect is even stronger; for the euro-
zone countries and Denmark it amounts to 96% on average.12 For the non-
EMU countries Sweden and the UK the aggregate European eﬀect has also
increased, but to a lower level (73%) and consequently, their own bond market
eﬀect has not declined as much as for the EMU-countries. The unmentioned
eﬀects remain negligible as in the original speciﬁcation.
As to the variance of the unexpected stock returns for the period before
the euro, the European stock eﬀect has gained importance compared to the
original model, averaging 41%. This increase is at the expense of the US stock
12Due to the tight pecking of the Danish Krone to the euro, for practical purposes
Denmark is regarded an EMU-member country.
23eﬀect which is now very small. The own stock eﬀect has dropped slightly,
to an average of 46%. The only other sizeable eﬀect is the European bond
eﬀect which averages 13%. After the introduction of the euro, the European
stock market eﬀect has become stronger (57%), and the European bond eﬀect
weaker (4%). With a couple of exceptions, the importance of the own stock
market eﬀect has decreased after the euro.
Comparing the results in Table 4 and Table 5 we see that it matters which
way the model specify the direction of the inﬂuence. The US eﬀects appear
to be unrealistically small when the inﬂuence goes from aggregate Europe to
the US. Therefore we ﬁnd it advisable to use the original speciﬁcation where
the inﬂuence moves from the global markets to the regional markets.
We also investigate the eﬀects of letting the inﬂuence ﬂow from the stock
markets to the bond markets. Thus, once again we re-estimate the volatility-
spillover model with one modiﬁcation, namely the following: R1t, R2t, R3t,
R4t, Ri5t,a n dRi6t now refer to the US stock return, the US bond return, the
European stock return, the European bond return, country i stock return,
and country i bond return, respectively. The model is invariably speciﬁed
such that the US markets inﬂuence the aggregated European markets which
again inﬂuences the individual European markets. Table 6 shows the result-
ing average variance ratios.
For the variance ratios applying in the period before the euro for the un-
expected stock returns the proportion explained by the European stock eﬀect
increases a lot compared to the ﬁrst speciﬁcation (on average 31%). The US
s t o c ke ﬀ e c ta sw e l la st h eo w nc o u n t r ys t o c ke ﬀ e c tl o o s ei m p o r t a n c e( a v e r -
ages of 21% and 44%, respectively). After the euro, the own stock market
eﬀect is weaker than in the original speciﬁcation (36%) whereas the US and
European stock market eﬀects are stronger (38% and 23% respectively). As
previously, the variance of the unexpected stock return is almost exclusively
inﬂuenced by the stock markets.
Regarding the variance of the unexpected bond returns before the euro,
the European bond eﬀect ceases to be important in comparison to the ﬁrst
speciﬁcation, whereas the US bond eﬀect is more important (on average 19%).
The own bond market eﬀect is much stronger than in the ﬁrst speciﬁcation
(averaging 68%). After the introduction of the euro, only bond eﬀects are
24present with the US and European bond eﬀects being the strongest (35% and
35%, respectively). The own bond market eﬀect is diminished after the euro
(on average 26%) which is much higher than in the original (bond→stock)
speciﬁcation.
The bond markets appear to exert more inﬂuence than the stock markets
when they are placed ﬁrst in the model and vice verse. Our empirical ﬁndings
do not enable us to decide unambiguously which of the two is the better
model assumption. However, we tend to ﬁnd the results from the original
speciﬁcation more convincing. Moreover, we rely on economic intuition to
conclude that it is more reasonable that the stock markets are under inﬂuence
by the bond markets rather than vice versa, cf. the discussion in Section 2.2.
5 Conclusion
We have (we believe) added to the literature model-wise as well as empirically
by analyzing bond and equity volatility-spillover eﬀects simultaneously.
We have applied a new volatility-spillover model. The model has in-
cluded volatility spillover into national European bond and equity markets
from the US and aggregate European bond and equity markets. The condi-
tional variance of the unexpected return of country i’s bond market has been
decomposed into separate eﬀects caused by contemporaneous idiosyncratic
US bond variance, idiosyncratic US stock variance, idiosyncratic European
bond variance, idiosyncratic European stock variance, and own bond market
idiosyncratic variance. The conditional variance of the unexpected return of
country i’s stock market has been decomposed into the same ﬁve eﬀects as
well as idiosyncratic own stock market variance.
We have investigated nine European countries’ bond and stock markets.
We have found signiﬁcant volatility-spillover into the individual bond and
equity markets from the global and regional bond and equity markets. Our
results have indicated that bond (stock) market volatility is mainly inﬂuenced
by bond (stock) market eﬀects. Local, regional, and global eﬀects have all
been found to be of importance for European bond and stock volatility. We
have accounted for the structural break caused by the introduction of the
euro.
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29— Bonds —
Mean Stdev. Skew. Kurt. AC(1) AC2(1)
US 0.15 0.61 -0.33 3.69 0.00 0.09
Eu 0.16 0.50 -0.67 4.70 0.01 0.12
Be 0.15 0.50 -0.53 5.03 -0.01 0.19
De 0.17 0.56 -0.47 6.49 0.06 0.18
Fr 0.16 0.56 -0.35 4.55 -0.01 0.12
Ge 0.12 0.49 -0.71 4.84 0.03 0.11
It 0.21 0.64 -0.56 8.39 0.04 0.17
Ne 0.13 0.50 -0.76 5.11 0.04 0.09
Sp 0.19 0.60 -0.26 8.18 0.02 0.18
Sw 0.18 0.71 -0.19 11.39 -0.03 0.09
UK 0.17 0.78 0.00 4.55 -0.01 0.07
—S t o c k s—
Mean Stdev. Skew. Kurt. AC(1) AC2(1)
US 0.23 2.23 -0.26 4.80 -0.09 0.17
Eu 0.20 2.25 -0.38 6.15 -0.07 0.33
Be 0.18 2.35 -0.16 9.26 -0.08 0.39
De 0.26 2.29 -0.15 4.50 0.04 0.17
Fr 0.23 2.74 -0.21 5.46 -0.09 0.31
Ge 0.17 2.70 -0.55 5.71 -0.07 0.25
It 0.15 3.04 -0.19 3.95 0.01 0.18
Ne 0.22 2.48 -0.54 9.24 -0.12 0.39
Sp 0.21 2.67 -0.42 4.42 -0.03 0.17
Sw 0.25 3.40 -0.18 5.80 -0.06 0.12
UK 0.19 2.14 0.13 6.37 -0.05 0.28
The table reports summary statistics for the weekly returns (in %) of the J. P. Morgen government bond
indices and the DataStream stock indices for the US, Europe (Eu), Belgium (Be), Denmark (De), France
(Fr), Germany (Ge), Italy (It), the Netherlands (Ne), Spain (Sp), Sweden (Sw), and the UK. The following
statistics are reported: Mean, standard deviation, skewness, kurtosis, ﬁrst order autocorrelation, and ﬁrst
order autocorrelation of the squared variable.
Table 1: Summary Statistics
30Figure 1: DCC Correlations
31Panel A: US and European Bond and Stock Returns
R1t R2t R3t R4t
Φ0 0.002 -0.001 -0.009*** -0.014
Φ1 R1t−1 -0.036 0.207 0.080*** 0.117
R2t−1 -0.007 -0.147*** -0.017 -0.008
R3t−1 0.074 0.187 -0.005 0.111
R4t−1 -0.015 0.065 0.015 0.009
Φ2 zt−1 0.0005 -0.001 -0.005*** 0.008
ω 2·10−6*** 0.002** 7·10−7*** 0.002**
α 0.060*** 0.000 0.047*** 0.043*
α∗ 0.161*** 0.089**
β 0.887*** 0.856*** 0.918*** 0.850***
Γ R2t 0.361**
R3t 0.757*** 0.110
R4t 0.048 0.810*** 0.208
θ1 0.975***
θ2 0.022***
P a n e lB :C o u n t r yi’s Bond Returns (Ri5t)
Be De Fr Ge It Ne Sp Sw UK
c0 -1.274*** -1.202*** -1.456*** -1.298*** -1.575*** -1.367*** -1.630*** -1.902*** -1.693***
c1 0.081*** 0.058*** 0.083*** 0.088*** 0.079*** 0.092*** 0.084*** 0.034 0.109***
c2 -0.013*** -0.011* -0.014*** -0.012*** -0.016*** -0.016*** -0.014*** -0.013* -0.021**
c3 0.042 0.122** 0.023 -0.052 -0.037 -0.015 0.027 0.149** -0.080
c4 0.012*** 0.013*** 0.011*** 0.011*** 0.018*** 0.015*** 0.013*** 0.017** 0.018**
c5 -0.047 -0.104* -0.021 0.045 0.066 0.010 -0.039 -0.089* 0.034
c6 (zt−1) -0.003*** -0.003*** -0.004*** -0.003*** -0.004*** -0.004*** -0.004*** -0.005*** -0.005***
γ01 0.361*** 0.410*** 0.474*** 0.381*** 0.227*** 0.417*** 0.329*** 0.455*** 0.599**
γ11 0.116*** -0.010 -0.008 0.083** 0.233*** 0.042 0.143** -0.009 0.013
γ02 0.103*** 0.152*** 0.140*** 0.103*** 0.089*** 0.110*** 0.063*** 0.126*** 0.202***
γ12 -0.111*** -0.169*** -0.146*** -0.112*** -0.089*** -0.116*** -0.068*** -0.140*** -0.217***
γ03 0.657*** 0.855*** 0.834*** 0.673*** 0.604*** 0.747*** 0.591*** 0.829*** 1.101***
γ13 0.272*** -0.102 0.109* 0.253*** 0.308*** 0.188*** 0.339*** -0.029 0.068
γ04 -0.000*** -0.000*** -0.000*** -0.000*** -0.000 -0.012*** -0.015*** -0.008*** -0.006
γ14 -0.003 0.004 -0.003 0.001 0.004 -0.002 -0.001 0.004 0.008
ω 4·10−8 6·10−8 4·10−8 5·10−8*3 ·10−8 2·10−8 3·10−8*6 ·10−8 3·10−8
α 0.107 0.126*** 0.118* 0.103*** 0.116*** 0.102*** 0.106*** 0.065* 0.082**
β 0.890*** 0.873*** 0.879*** 0.673*** 0.880*** 0.895*** 0.893*** 0.933*** 0.906***
P a n e lC :C o u n t r yi’s Stock Returns (Ri6t)
Be De Fr Ge It Ne Sp Sw UK
d0 -0.985*** -0.899*** -1.070*** -0.404** -1.784*** -1.959*** -2.415*** -4.239*** -2.918***
d1 -0.002 0.228 -0.033 0.072 -0.188 0.043 0.083 -0.041 0.113
d2 -0.042 -0.054 -0.005 0.030 -0.060 0.029 0.067 -0.056 0.021
d3 0.152 -0.167 0.072 -0.081 -0.436 0.151* 0.048 0.215 0.083
d4 0.102** 0.169*** -0.015 0.084 -0.102 0.119** 0.048 0.086 -0.012
d5 0.133 0.050 0.215 0.016 0.396 0.012 0.288* -0.178 0.119
d6 -0.003 -0.022 -0.045 -0.087 0.148*** -0.117** -0.079* -0.070* -0.032
d7 (zt−1) -0.003*** -0.002*** -0.003*** -0.001** 0.005*** -0.005*** -0.006*** -0.011*** -0.008***
δ01 0.578*** 0.820*** 0832*** 0.598*** 0.926*** 0.521*** 0.675*** 0.693*** 0.536***
δ11 -1.003*** -1.483*** -1.580*** -1.505*** -1.864*** -1.317*** -1.569*** -1.828*** -1.020***
δ02 0.577*** 0.518*** 0.943*** 0.824*** 0.724*** 0.704*** 0.814*** 1.023*** 0.742***
δ12 -0.135* -0.035 -0.227 -0.010 -0.080 -0.118* -0.195** -0.012 -0.235***
δ03 0.890*** 1.139*** 1.732*** 1.341*** 1.597*** 0.889*** 1.439 1.280*** 1.175***
δ13 -0.565 -1.582*** -3.240*** -2.491*** -4.325*** -1.838*** -3.159*** -3.230*** -1.856***
δ04 2·10−4*** 5·10−5 -2·10−4** -5·10−5 9 ·10−4 -3·10−4 -1·10−4 -1·10−4 0.003***
δ14 0.272** 0.299*** 0.570*** 0.595*** 0.591*** 0.606*** 0.498*** 0.609*** 0.462***
δ05 0.003*** 0.004*** 0.004*** 0.003*** 0.008*** 0.001* 0.006*** 0.006*** 0.004***
δ15 -0.004** -0.004** -0.007*** -0.006*** -0.011*** -0.004*** -0.008*** -0.007*** -0.006***
ω 4·10−5** 1·10−5 4·10−5** 4·10−5** 3·10−7*** 1·10−5*** 9·10−6*2 ·10−5*9 ·10−6**
α 0.280*** 0.058** 0.220*** 0.191*** 0.025*** 0.185*** 0.060*** 0.085** 0.104***
β 0.614*** 0.911*** 0.649*** 0.676*** 0.975*** 0.759*** 0.915*** 0.883*** 0.856***
The table reports the results from estimating the volatility-spillover model presented in the text. R1t, R2t,
R3t, R4t, Ri5t,a n dRi6t are the US bond return, US stock return, European bond return, the European
stock return, country i bond return, and country i stock return, respectively. Based on Bollerslev and
Wooldridge (1992) robust standard errors, */**/*** indicates that the parameter is signiﬁcant at the
10%/5%/1% level of signiﬁcance.
Table 2: Volatility-Spillover Model
32— Idio Shocks— — Unexp Returns —
¯ σ1 /¯ σ3 ¯ σ2 /¯ σ4 ¯ √
h1 / ¯ √
h3 ¯ √
h2 / ¯ √
h4
Bonds Stocks Bonds Stocks
US 0.603 1.927 0.603 2.073
Eu 0.454 11.097 0.470 1.999
— Residuals — — Unexp Returns —
¯ σi5 ¯ σi6 ¯ √
hi5 ¯ √
hi6
Bonds Stocks Bonds Stocks
Be 0.251 1.762 0.536 3.071
De 0.318 1.897 0.607 3.316
Fr 0.264 1.744 0.602 4.672
Ge 0.229 1.702 0.517 4.682
It 0.380 2.633 0.599 5.365
Ne 0.229 1.498 0.542 4.330
Sp 0.366 1.892 0.588 4.376
Sw 0.489 2.346 0.718 5.464
UK 0.487 1.392 0.864 3.673
The top part of the table reports the average conditional standard deviations (multiplied by 100) of the
idiosyncratic shocks (ejs) and the unexpected returns ( js) from the ﬁrst and second steps of the volatility-
spillover model presented in the text for which the parameter estimates are given in Table 2. The bottom
part of the table reports the average conditional standard deviations (multiplied by 100) of the residuals
(eijs) and the unexpected returns ( ijs) from the third and fourth steps of the volatility-spillover model.
Table 3: Average Conditional Volatilities
33— Bonds —
Pre euro
¯ VR 1 ¯ VR 2 ¯ VR 3 ¯ VR 4 ¯ VR 5
US-bond US-stock Eu-bond Eu-stock Own-bond
Be 0.166 0.124 0.392 0.0006 0.317
De 0.130 0.156 0.407 0.0001 0.307
Fr 0.189 0.146 0.419 0.0004 0.245
Ge 0.189 0.124 0.418 0.0003 0.269
It 0.059 0.090 0.281 0.0004 0.569
Ne 0.195 0.122 0.443 0.0005 0.239
Sp 0.126 0.047 0.273 0.0006 0.554
Sw 0.120 0.088 0.279 0.0001 0.512
UK 0.148 0.148 0.364 0.00006 0.341
Post euro
¯ VR 1 ¯ VR 2 ¯ VR 3 ¯ VR 4 ¯ VR 5
US-bond US-stock Eu-bond Eu-stock Own-bond
Be 0.432 0.001 0.471 0.0002 0.095
De 0.399 0.011 0.402 0.0005 0.188
Fr 0.416 0.001 0.487 0.0002 0.096
Ge 0.426 0.002 0.487 0.000008 0.085
It 0.425 0.000005 0.480 0.0003 0.095
Ne 0.415 0.001 0.495 0.0001 0.089
Sp 0.430 0.001 0.478 0.00005 0.090
Sw 0.363 0.005 0.331 0.0003 0.300
UK 0.342 0.003 0.352 0.0006 0.302
—S t o c k s—
Pre euro
¯ VR ∗1 ¯ VR ∗2 ¯ VR ∗3 ¯ VR ∗4 ¯ VR ∗5 ¯ VR ∗6
US-bond US-stock Eu-bond Eu-stock Own-bond Own-stock
Be 0.032 0.257 0.061 0.0002 0.0000002 0.649
De 0.050 0.170 0.077 0.000007 0.0000005 0.703
Fr 0.037 0.383 0.126 0.00007 0.0000002 0.453
Ge 0.024 0.365 0.095 0.000006 0.0000001 0.516
It 0.030 0.156 0.068 0.0009 0.000002 0.745
Ne 0.028 0.397 0.064 0.0003 0.00000002 0.510
Sp 0.045 0.300 0.113 0.0001 0.000002 0.542
Sw 0.020 0.346 0.052 0.00002 0.000002 0.583
UK 0.028 0.411 0.093 0.0002 0.000002 0.468
Post euro
¯ VR ∗1 ¯ VR ∗2 ¯ VR ∗3 ¯ VR ∗4 ¯ VR ∗5 ¯ VR ∗6
US-bond US-stock Eu-bond Eu-stock Own-bond Own-stock
Be 0.018 0.231 0.003 0.055 0.00000001 0.693
De 0.032 0.223 0.004 0.059 0.00000001 0.682
Fr 0.034 0.385 0.041 0.160 0.00000004 0.380
Ge 0.043 0.430 0.021 0.153 0.00000003 0.353
It 0.039 0.240 0.094 0.146 0.00000002 0.480
Ne 0.047 0.319 0.019 0.204 0.00000003 0.411
Sp 0.048 0.290 0.056 0.127 0.00000001 0.450
Sw 0.040 0.398 0.039 0.103 0.00000001 0.420
UK 0.024 0.338 0.014 0.169 0.0000001 0.456
The table reports the average variance ratios based on the volatility-spillover model presented in the text
for which the parameter estimates are given in Table 2.
Table 4: Variance Ratios
34— Bonds —
Pre euro
¯ VR 1 ¯ VR 2 ¯ VR 3 ¯ VR 4 ¯ VR 5
Eu-bond Eu-stock US-bond US-stock Own-bond
Be 0.658 0.0009 0.0005 0.014 0.326
De 0.666 0.00005 0.00001 0.0005 0.333
Fr 0.754 0.0002 0.003 0.003 0.240
Ge 0.742 0.000007 0.003 0.0008 0.253
It 0.484 0.0007 0.047 0.003 0.465
Ne 0.767 0.0001 0.003 0.0004 0.229
Sp 0.363 0.00005 0.016 0.040 0.581
Sw 0.476 0.001 0.0006 0.0006 0.521
UK 0.621 0.0001 0.0001 0.000007 0.378
Post euro
¯ VR 1 ¯ VR 2 ¯ VR 3 ¯ VR 4 ¯ VR 5
Eu-bond Eu-stock US-bond US-stock Own-bond
Be 0.974 0.0000051 0.0001 0.00002 0.026
De 0.883 0.0000004 0.00000002 0.00004 0.117
Fr 0.979 0.00002 0.000007 0.00001 0.021
Ge 0.981 0.00005 0.000002 0.00001 0.019
It 0.966 0.0002 0.00009 0.000006 0.033
Ne 0.980 0.00002 0.00001 0.00000005 0.020
Sp 0.973 0.00002 0.00005 0.00002 0.027
Sw 0.721 0.001 0.001 0.0004 0.276
UK 0.743 0.000073 0.00000093 0.000005 0.257
—S t o c k s—
Pre euro
¯ VR ∗1 ¯ VR ∗2 ¯ VR ∗3 ¯ VR ∗4 ¯ VR ∗5 ¯ VR ∗6
Eu-bond Eu-stock US-bond US-stock Own-bond Own-stock
Be 0.101 0.345 0.001 0.005 0.0000002 0.520
De 0.109 0.249 0.009 0.0005 0.0000004 0.632
Fr 0.191 0.485 0.0002 0.0009 0.0000002 0.323
Ge 0.140 0.489 0.00002 0.001 0.0000001 0.370
It 0.105 0.238 0.0007 0.0004 0.000001 0.656
Ne 0.110 0.563 0.0002 0.001 0.00000001 0.326
Sp 0.143 0.373 0.0004 0.001 0.000002 0.474
Sw 0.075 0.413 0.0001 0.0005 0.000001 0.510
UK 0.152 0.539 0.001 0.002 0.000008 0.306
—S t o c k s—
Post euro
¯ VR ∗1 ¯ VR ∗2 ¯ VR ∗3 ¯ VR ∗4 ¯ VR ∗5 ¯ VR ∗6
Eu-bond Eu-stock US-bond US-stock Own-bond Own-stock
Be 0.009 0.350 0.010 0.0007 0.000 0.630
De 0.021 0.335 0.008 0.0008 0.000 0.635
Fr 0.037 0.738 0.000007 0.0001 0.000 0.226
Ge 0.023 0.713 0.004 0.005 0.000 0.256
It 0.064 0.591 0.0003 0.0008 0.000 0.344
Ne 0.038 0.654 0.002 0.000006 0.000 0.306
Sp 0.054 0.562 0.000003 0.001 0.000 0.383
Sw 0.056 0.544 0.0000062 0.00001 0.000 0.400
UK 0.021 0.676 0.003 0.0004 0.000 0.299
The table reports the average variance ratios based on the volatility-spillover model presented in the text
with the following modiﬁcation: The inﬂuence goes from Europe to the US, i.e. now R1t, R2t, R3t,a n d
R4t refer to the European bond return, the European stock return, the US bond return, and the US stock
return, respectively. Invariably, Ri5t and Ri6t are country i bond return and country i stock return.
Table 5: Variance Ratios (Eu→US→Country-i)
35—S t o c k s—
Pre euro
¯ VR 1 ¯ VR 2 ¯ VR 3 ¯ VR 4 ¯ VR 5
US-stock US-bond Eu-stock EU-bond Own-stock
Be 0.173 0.036 0.244 0.000003 0.547
De 0.107 0.074 0.219 0.002 0.598
Fr 0.216 0.057 0.409 0.0005 0.317
Ge 0.247 0.026 0.369 0.0007 0.358
It 0.132 0.020 0.291 0.0006 0.556
Ne 0.292 0.027 0.352 0.002 0.327
Sp 0.206 0.031 0.273 0.0002 0.490
Sw 0.230 0.010 0.241 0.005 0.515
UK 0.252 0.042 0.429 0.00006 0.278
—S t o c k s—
Post euro
¯ VR 1 ¯ VR 2 ¯ VR 3 ¯ VR 4 ¯ VR 5
US-stock US-bond Eu-stock EU-bond Own-stock
Be 0.267 0.012 0.104 0.034 0.582
De 0.243 0.025 0.129 0.004 0.598
Fr 0.431 0.024 0.340 0.00007 0.206
Ge 0.487 0.032 0.265 0.00002 0.216
It 0.350 0.025 0.271 0.0007 0.353
Ne 0.391 0.030 0.291 0.003 0.285
Sp 0.361 0.032 0.238 0.005 0.368
Sw 0.450 0.027 0.182 0.002 0.339
UK 0.432 0.025 0.257 0.0003 0.287
— Bonds —
Pre euro
¯ VR ∗1 ¯ VR ∗2 ¯ VR ∗3 ¯ VR ∗4 ¯ VR ∗5 ¯ VR ∗6
US-stock US-bond EU-stock EU-bond Own-stock Own-bond
Be 0.054 0.210 0.083 0.00005 0.000004 0.653
De 0.056 0.207 0.113 0.0001 0.00001 0.623
Fr 0.086 0.272 0.094 0.0002 0.00001 0.548
Ge 0.044 0.267 0.097 0.0004 0.000006 0.591
It 0.022 0.040 0.069 0.00002 0.00002 0.869
Ne 0.047 0.263 0.107 0.0001 0.0000001 0.582
Sp 0.008 0.049 0.024 0.0002 0.00001 0.919
Sw 0.030 0.172 0.042 0.002 0.00002 0.755
UK 0.051 0.247 0.159 0.0001 0.000007 0.542
— Bonds —
Post euro
¯ VR ∗1 ¯ VR ∗2 ¯ VR ∗3 ¯ VR ∗4 ¯ VR ∗5 ¯ VR ∗6
US-stock US-bond EU-stock EU-bond Own-stock Own-bond
Be 0.003 0.395 0.016 0.381 0.000001 0.205
De 0.014 0.341 0.019 0.331 0.0000002 0.294
Fr 0.005 0.368 0.016 0.411 0.0099991 0.202
Ge 0.003 0.374 0.009 0.405 0.00000005 0.210
It 0.0003 0.356 0.006 0.406 0.00000008 0.231
Ne 0.004 0.385 0.016 0.399 0.000002 0.196
Sp 0.0007 0.366 0.012 0.387 0.00000006 0.234
Sw 0.013 0.319 0.019 0.231 0.00000007 0.418
UK 0.012 0.249 0.011 0.263 0.000003 0.419
The table reports the average variance ratios based on the volatility-spillover model presented in the text
with the following modiﬁcation: The inﬂuence goes from stock markets to bond markets, i.e. now R1t,
R2t, R3t, R4t, Ri5t,a n dRi6t refer to the US stock return, the US bond return, the European stock return,
the European bond return, country i stock return, and country i bond return, respectively.
Table 6: Variance Ratios (Stocks→Bonds)
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